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B o r e a l  a n d  t e n p e r a t e  f o r e s t s  a r e  e s s e n t i a l  l i n k s  l n  a l I
b iogeochern ica l  cyc ies  o f  d i f fe ren t  e lenents . .  * l "y  a re  hab i ta ts
o f  innunerous  end6n ic  spec ies ;  they  rnod i fy  c l ina te  -on  a  g loba l ,
; ;g i ; ; ; i  and  loca l  sc i le ;  and thLy  are  sources  o f  raw nater ia l
an6 prosper i ty .  r t  i s  jus !  i rnposs ib le  to  ob ta in  a  conp le te
t i c t i r re  
'on  
i f f  d i rec t  and ind i rec t  ways  in  wh ich  these fo res ts
a r e  b e i n g  u t  i  1 i  z e d .
In  nor thern  par ts  o f  the  bo  rea l - tenpe ra te  b ione (  focus ing  on
nor thern  hen isph i re  on ly )  the  ra te  o f  b io log ica l  p roceases  is
iernpi.ature-I ini  ted , t toi l ture gets inportant toward .outh. I t
i "  
' na t row-ur inded,  however ,  to  adopt  a  v iew tha t  more  tenpera ture
is  ben i f i c ia l  in  the  nor lh  and nor l  ra in fa l l  i s  ben i f i c ia l  in  the
south .
o rgan isns  are  adapted  to  
.  
the  preva i l ing  cond i t ions '
por t t re r i  spec ies  fa i l  t6  conpete  in  a  warn  c l ina te  -  tha t  i s  the
i "ason why these spec ies  are  nonex is ten t  in  the  south '  con i fe rs
o f  the  b-orea l  zon i  a re  one exanp le .  In  the  borea l  zone they  are
e - o 1 o 9 i c a l l y  s t r o n g  s p e c i e s  s 9  t h a !  a f t e r  f o r e s t  f i r e  o r  c l e a r
cu t t i ig ,  a iso  v r i tho i l t  a r t i f i c iaL  regenera t ion ,  con i fe rs  occupy
the  s i [ "  and fo rn  a  new fo res t  s tand sooner  o r  la te r '
Broad leaved t rees  are  eco log ica l l y  s t ronger  in  la rge  par ts  o f  the
i ; i l ; ; ; [ "  zone,  a l though c6n i fe r i  a re  a r t i f i c ia l l y  na in ta ined
a l s o  i n  n a n y  P a r t s  o f  t h e s e  a r e a s .
A narner  c l i rna te  in  the  borea l  zone wou ld  be  ben i f i c ia l  fo r
broad leaved t rees  bu t  harn fu l  fo r  con i fe rs .  That  n igh t  have
adverse  e f fec ts  to  fo res t ry  and fo res t  indus t r ies .  con i fe rs
f ioa"c"  Iong- f ib re  wood,  t l re  nos t  su i tab le  raw nater ia l  fo r  h igh
Lua l i t v  pape i .  rn  ghe sane way,  i f  nore  water  becane ava i lab le  ,
' fo r  
e ia ip ie ,  in  the  southern  par ts  o f  the  tenPera te  fo rea ts  nany
spec i€s  t tou ld  su f fe r  and even d isappear .
Large-sca le  de fores ta t ion  is  hard ly  th rea ten ing  borea l  and
ternpe ia t6  fo res ts  in  the  way i t  t ,h rea tens  t rop ica l  fo res ts .  A t
i " i - " i  in  Europe and in  As ia  t -hese ecosys tens  are  very  res i l ien t '
e i i  po l fu t ion  is  a  p rob le rn  in  nany  reg ions ,  and there  are .  fo res ts
wt rer i  ac ia  p rec ip i t i t ion ,  photoch&n ic i f  ox idants  and o ther  a i r
Do l lu tan ts  cause t ree  d i roage.  A l thouqh the  prob len  is .  severe
i l i l ; i ; i i ;  ro i -u-n"^ l" r  of  nuiopean count i ies,  the area at  r isk
o t - - u " " o t i n g  e n t i r e i y  t r e e l e s s  i s  a  r a t h e r  s r n a l l  f r a c t i o n  o f  t h e
" " t i i "  b io rn6s .  A i r  p 'o l tu t io t t  danage to  fo res ts  w i l l  rena in  a
i "o ionaf  p rob len  u i ' t l " " "  po l lu tan is  w i th  long re ten t ion  t ines  in
t h 6  a t n o s p h e r e  ( l i k e  c o 2 )  g e t  i n v o l v e d '
Fores t ry  operares  in  nany  areas  o f  the  borea l  and tenpera te
b iones  on  a  sus ta inab le  b ls is .  In  F in land,  fo r  exanp le ,  the
" ! "na ing  fo res t  inventory  has  inc reased f rom 1920 to  1980 on  the
i " " i ig " -  uv  l0  per  -en t l  Never the less ,  over  tha t  60-year  per iod
a" -ar6" " t  
'oe  
"oo i  has  been re rnoved and u t i l i zed  tha t  equa ls  nore
[f i"n tvro t ines the anount of t inber currently- standing in. these
io res ts .  when thus  organ ized and cont ro l led  there  are  chance
I t t i i -  
- - io " i iu r "  
sh i f i s  o f  the  produc t ion  po ten t ia r .  can  by
su"cess?uf fy  taken in to  account .  The ea i l ie r  there  is
in fo rna t ion  about  such sh i f t s  the  eas ie r  i t  w i t l  be  to  ad jus t  the
f o r e s t r y  p r a c t i s e s
There  are  th ree  reasons  to  pay  a t ten t ion  to  borea l  and
terope i i te  fo res ts  when cons ider in !  the  ] iP i " ! : -? i . l -poss ib le
" i i ia t i c  warn ing .  F i rs t l y ,  low te rnp i ra tu re  i s  a  dec is ive  fac to r
" "o . " i " f f v  in  borea l  fo?es ts  bo th  in  the  shor t  te rm '  genera t ing
; ; ; ; : i ; : ;e " r -eco ios ica l  var iab i l i t v  and in  the  1on9 te rn '  fo rc ing
l ; ; ; " i ; t ; - - s " " " i i " i r r v  t o  a d a p t '  s e c o n d r v ,  i t  i s . b e r i e v e d  t h a t
i i : - ' i i ! " iur ! -g i"""ho" i "  g""  wa-rnin9 nay be grearest  in h igh
l a t i tudes  tha t  i s ,  w i [ t r in  the  t lnper i te  and the  bor 'ea l  b iones( c o n f e r e n c e  s t a t e n e n t . . .  1 9 8 5 ) .  T h i r d l y ,  f o r e s t s  .  a r e  m o r e
suscept ib te  than agr icu l tu ra l  ecosys tens  to  a  c l ina t ic  change
i l ; ; ; ; ; - ; [ ;  s " ; " iu t i6n  in te rva l  o f  t r les  i s  as  lone aE f ron  2s  to
? 5  y e a r s .
Th is  paper  l s  a  b r ie f  sunnary  o f  recent  s tud ies  on  resPonse
of  borea l  fo res ts  to  a  poss ib le -  c l i rna t ic  change '  The ob jec t ive /
i "  t . - -p i i  i t ten t ion  to  a  sequence o f  causes  and e f fec ts :
q reenhouse gaseE -  mean tempera ture  -  Poten t ia l  fo r  p lan t  p r inary
; ; ; i l t i ; ;  j -  ac i ' ra r  b io los i ia l  responses  -  fo res t rv  inpac t
: . ; ; ; ; i ; - ; " "d ; ;a i .  po l i cv  i rnp l i ca t ions  are  shor t rv  d iscussed '
s t a t i s t i c a l  v s nechan is t i c  u rode ls  -  s ta t i c  vs .  dynan ic  node ls
E n a n u e l  e t  a I .  ( 1 9 8 5 )  a p p l i e d  a  ' s t a t i s t i c a l -  - a p p r o a c h '  i n
order  to  ana lyse  t row ec i fog ica l  b iones  woutd  sh i f t  on  a  g loba l
" " i f "  " "  a  r e s u i t  o f  a  p o s s i b i e  c l i n a t i c  w a r n i n g '  A . . s t a t i s t i c a l
ie f i t ionsn iP  \ tas  app l ied  !o , . re la te .  p resent  vegeta t ion  zones  to
oresent  c l ina te  c la ta l '  "Fu ture"  c l ina te  eSt ina lea  r te re  ob ta ined
. i ; ; ; " - ;  
-g " t " i " r - - " i i cu ra t ion  
noder  tha t  conPutes  e€ t iDateE o f
teBDera ture  responses  to  an  inc rease in  g reenhouse,  gas
; ; ; ; ; ; t ; ; i i on" . - -  i ' i u tu ren  vegeta t ion  zones  were  coDputed f ron
nfu ture '  tenpe ra tu  re  
-  
da ta  assu i ing  the  present -day  s ta t i s t i ca l
re la t ionsh ip  be t r teen c l ina te  and vegeta t ion .  The ou tPut  waE a
nap o f  the  g lobe descr ib ing  the  " fu tu re"  vegeta t ion  zones  w i th
bo ider  I in6s  be tween ad jacent  b iones ,  i .a .  the  border  be tween
iundra  and borea l  fo res ts ,  o r  tha t  be t?reen borea l  and tenpera te
fo res ts ,  and so  fo r th .  Computa t ions  I te re  car r ied  ou t  assun ing  a
doub l ing  o f  the  a tnospher ic  CO2-concent  ra t  i  on  '
The resu l ts  ind ica ted  very  p ronounced sh i f t s  o f  espec ia l l y
the  tundra  zone,  borea l  zone-  and tenPera te  zone.  -c l ina t ic
* i i r in t  , " . "  es t ina ted  to  push tundra  vegeta t ion  -and .borea l
vegeta€ ion  to  nor thern  is6 Ia ted  coas ta l  a reas  o f  Euras ian  and
t to i th  ener ican  cont inents .  -  Today  these b iomes fo rn  a  band w i th
a  w id th  o f  some 1  500 kn  nor th -south  across  the  tno  cont inents .
The zones  were  thus  es t ina ted  to  sh i f t  800 to  1  500 k i lone ters
tonard  nor th .
Kaupp i  and Posch (1986)  used a  s i rn i la r  approach '  -  T ley
res t r i c t i i  to  the  borea l  zone fo r  wh ich  they  in t roduced a
re la t ionsh ip  be tv teen c l imate  and the  po ten t ia l  fo r  p lan t  p r inary
produc t ion .  As  in  the  s tudy  o f  
.  
Enanue l  and o thers  th is
?e la t ionsh ip  was a  s ta t i s t i ca l  regress ion  based 9n  Present -day
e;a ; :  Th i ;  s tudy  appJ . ied  ou tpu t  da ta  f ron  a  d i f fe ren t  g€nera l
c i rcu la t ion  rnode l  Lu t  
-n ia  
tne  sarne  goa1 tha t  i s , .  quant i f y ing  the
" fu tu re"  c l ina t ic  warming due Lo  a  doub l ing  o f  th9  Coz
concent ra t ion .  The zona l  sn i r t  o t  the  borea l  b ione was es t lna ted
ionewhat  sna l le r  than tha t  es t ina ted  by  Etnanue l  e t  a I  .  (1985) .
The sh i f t  was ,  never the less ,  qu i te  p ronounced:  typ ica l l y  600 togoo kn  toward  nor th .  The po ien t ia l  fo r  the  pr inary  p roduc t iv i t y
o f  f ,o res ts  was es t ina ted  to  inc rease in  a l l  par ts  o f  the  borea l
zone and,  in  par t i cu la r ,  in  the  nor thern  par ts  o f  the  zone and in
c o a s t a l  r e g i o n s .
s h u g a r t  e t .  a l  ( 1 9 8 6 )  p a i d .  a t t e n t i o n  t o  t h e  a c t u a l
eco log ic i l  nechan isms tha t  wou ld  be  inpor tan t ,  l f  fo res ts  r te re  to
becon6 sub jec t  to  a  c l ina t ic  warming.  They  in t roduced.  a .  t i ! .e
oersoec t iv6 :  i t  shouLd cer ta in ly  be  inpor tan t  to  es t ina te  'a t
;ha i ' ra te '  c l i r0a t ic  warn ing  wou ld  occur ,  and what  k ind  o f  Iags
there  are  in  the  eco log ica l  responses .  In  th is  manner  shugar t  e t
a l  .  ( 1 9 8 5 )  a d o P t e d  a  ' d y n a n i c '  p e r s p e c t i v e .
T ine  sca l .es  tha t  a re  nos t  in te res t ing  in  th is  contex t  range
between 5  and 1  000 years .  Th is  inp l ies  tha t  the  shor tes !  t ine
ica fe  og  in te re . t  i s  t f ,a t  o f  the  dev- Ioprnent  o f  t ree  a  s tand
i i i r "  sca le  o f  eco log ica l  success ion) .  one shou ld  exan ine ,  fo r
exano le ,  ho t r  s tands  wor i ld  respond,  i f  c l ina te  tu rned war rn  ra ther
" U i " i t f v ,  s d Y r  d u r i n g  t h e  l l s t  q u a r t e r  o f  a  t r e e  l i f e - t i n e  ( 1 ) '
rn "  i r "x - t ' t ine  sca le  wou ld  lead to  conpar isons  o f  two subsequent
,o t . t ion  cyc les  o f  fo res t  s tands  w i th  the  sane s i te  and sane
genet ic  s t r i rc tu re .  One wou ld  s tudy  the  c l i rna te  inpac t  assun ing
€t ra t  c l ina te  ge ts  v ta rner  dur ing  the  la t te r  ro ta t ion  cyc le  (2 ) '
r l . i t ,  " "  was  done by  Shugar t  e t  a I  .  (  1986 )  i t  wou ld  be
in te ies t ing  to  exan ine  the  ra tes  a t  wh ich  southern  t ree  spec ies
can n ig ra t6  toward  nor th  (3 ) .  Borea l  vegata t ion  wou ld  
.  
d isappear
t ion  [ , t r "  t rad i t iona l  a reas  and te tnpera te  zone vegeta t ion  wou ld
invade.  There fore ,  i t  wou ld  be  in te res t ing  to  es t ina te  how long'wou ld  be  the  t rans i t ion  per iod  invo lv ing  conpet i t ion  be tneen
b o r e a l  a n d  t e n p e r a t e  v e g e t a t i o n  ( 4 ) .
I t  wou ld  be  o f  in te res t  to  exan ine  how long i t  wou ld  take  to
obta in  new genotypes  tha t  a re  adapted  to  a  new c l ina te  w i th
respec t  to  bo th  l igh t  and te rnpera ture  cond i t ions .  The l igh t
r e g i n e  i s  q u i t e  d i f f e r e n t  a t  l a t i t u d e s  o f ,  s a y ,  6 5  d e g r e e s  n o r t h
conpared to  those o f ,  snY,  45  degrees  nor th  (  5 )  .  c l imate
r n o d i f i e s  s o i l  p r o f i l e s  a n d  c a u s e s  a n  i n d i r e c t  e f f e c t  t o
vegeta t ion .  I t  wou ld  be  in te res t ing  to  es t ina te  the  t ine
re lu i red  fo r  so i l  adapta t ion  and the  eco log ica l  s ign i f i cance o f
s o i l s  t h a t  a r e  n o t  y e e  c l i n a t i c a l l y  i n  a  s t e a d y  s t a t e  ( 5 ) .
In  th is  way the  dynan ic  asPects  o f  fo res ts  sub jec t  to  a
c l ina t lc  change fa l l  in  the  f ie ld  o f  p lan t  phys io logy ,  popu la t ion
genet ics ,  eco logy  and pedo logy  bu t  a lso  in  the  f ie ld  o f
econon ics .  Produc ts  o f  fo res t  indus t ry  (a  s ign i f i can t  ,cus tomer ' l
o f  borea l  and tempera te  fo res ts )  a re  d is t r ibu ted  to  the  conaumers
through the  in te rna t iona l  narke t .  Cos ts  and pr ices  in  a I l  par ts
o f  the  wor ld  vary  w i th  t i rne .  The econon ic  sys ten  iE  Ju l t  as
inpor tan t  as  the  b io log ica l  sys te rn  in  de tern in ing  where  and when
goods are  produced and consuned.  B ink ley  (1986)  l inked t le  l l l ! { . - - ,
io res t  se i to r  mode l  to  lhe  resu l ts  o f  Kaupp i  and Posch (1985)
tha t  descr ibed the  r r fu tu re l t  p roduc t ion  Poten t ia l  o f  borea l
fo res ts .  The excers ice  '$ /a  s  nere ly  a  node l  denonst ra t ion  because
the  s ta t i c  node l  o f  Kaupp i  and Posch does  no l  spec i fy  any  t ine
s c a l e  f o r  t h e  " f u t u r e " .
The resu l ts  ind ica ted  lha t  econon ic  responses  o f  poss ib le
eco log ica l  sh i f t s  can  inc lude counter  in tu i t i ve  e lenents  a t  leaBt
fo r  a  non-econon is t .  Economic  s t ruc tu res  do  no t  s inp ly  re f lec t
o r  anp l i f y  the  eco log ica l  responses  bu t  there  are  nany  poss ib le
feed back  rnechan isnrs  (7 ) .  B ink ley 's  ana lys is  pays  a t ten t ion  to
the  fac t  tha t  econon ic  ben i f i t s  f ron  the  fo res t  indus t r ies  o f  a
g iven coun l ry  do  no t  depend on  the  fo res !  p roduc t iv i t y  in  any
i inp le  nanner .  In  cond i t ions  o f  even an  inc reas ing  po ten t ia l  fo r
wood produc t ion  sone count r ies  may loose the i r  rqarke t  shares  and
expor t  rcvenues.
Fron  the  above l i s t  o f  seven i tens  i t  shou ld  becoae obv ious
tha t  quant i ta t l ve ,  dynan ic  ana lyses  regard ing  c l ina t ic  inpac ts  o r . . . - -
fo res€s  and fo res t ry  a re  very  d i f f i cu l t  to  car ry  ou t .  Such
ana lyses  are  neccessary ,  however ,  -  no t  fo r  the  purPoge o f
ob ta tn lng  pred ic t ions  fo r  the  fu tu re  bu t  in  o rder  to  learn  to
undera tand c I  ina te-vege ta t  i  on-econony in te rac t ion6.  such an
unders tand ing  is  the  on ly  re levant  bas is  fo r  po l i cy  ana lys is  and
po l icy  recommendat ions .
C l ina t ic  Change -  Poten t ia l  P Ian t  Produc t iv i t y  -
Ac tua l  B io log ica l  Responses  -  Econon ic  Inpac t
An increase in  annua l  average tenpera ture  has  two
eco log ica l l y  re levant  d i rcens ions :  i )  ex tens ion  o f  the  growing
seagon (  spr ing  and au tunn e f fec t )  ,  and i i  )  inc rease o f  the
. re la t i ve ly  low tenpera tures  dur ing  the  growing  sea6on (sunner
e f fec t ) .  These tno  e f fec ts  a re  taken in to  account  in  the  concept
'e f fec t i ve  lenpera ture  suu '  (degree day  -  concept ) .  A  th resho ld
tenpera ture  is  assumed and above tha t  th resho ld  eco log ica l
processes  (p roduc t iv i t y )  a re  assuned Propor t iona l  to  tenpera ture .
ie low the  th resho ld  the  processes  are  assumed to  cease '
B o t h  E n a n u e l  e t  a l .  ( 1 9 8 5 )  a n d  r a u p p i  a n d  P o s c h  ( 1 9 8 6 )
a p p l i e d  t h i s  c o n c e p t  a n d  e s t i n a t e d  d r a s t i c  e c o l o g i c a l  s h i f t s  o f
i i i  borea l  zone.  th i  ma in  reason to  such dras t ic  resu l ts  nay  l ie
in  the  n twofo ld"  tenpera ture  e f fec t .  su tnne r  e f fec t  ac ts  jo in t l y
r i t t r  spr ing  and au tumi :  e f fec t  in  a  mu l t ip l i ca l i ve  fash ion '  The
i t r " . " " i "  o f  po ten t ia l  p lan t  Produc t iv i t y ,  there fore ,  i s
propor t iona l  rough ly  to  the  iquare  o f  the  inc rease o f  average
annua l  tenPera ture .
Ac tua l  eco log ica l  resPonses  may f ,o I Iow the  po ten t ia l  
-change
i n  c a 6 e  o f  a  s n a l i  t e n p e r a l u r e  i n c r e a s e  -  s a y ,  0 . 3  t o  1 ' 0 . d e g r e e s
cent ig rade in  te rns  o f -  average annua l  tenpera ture '  11  inc rease
of  o ls  cent ig rade {annua l -  nean te rnpera ture)  wou ld  have one
quar te r  o f  the- i rnpac t  o f  an  inc rease by  1 .0  cent ig rade -  assun ing
t   he  exponent ia l  re la t ionsh iP .
Ac tua l  eco log ica l  resPonses  are  the  nore  d l f f i cu l !  to
ant ic ipa te  the  1ar le r  and fa i te r  i s  the  c l ina t ic  warn ing .  I f  the
t e n p e r i t u r e  i n c r e a i e  i s  I a r g e ,  p l a n t s '  t r e e s  i n  p a r t i c u l a r ,  n e e d
; ; ; : i i "  adapta t ion  in  o rder  
- to  
na in ta in  the i r  genet ic  cont ro l
5ver  the  t in ing  o f  shoot  g rowth ,  seed Produc t ion  and n in te r
t r " t - "n i "g .  16 i lu res  in  tha t  t in ing  i rnp ly  p lan t  danage ' .  Loca l
genotype i  t0ay  no t  con ta in  su f f i c ien t  genet ic  na ter ia l  fo r
iaapt i - t ion  t ;  a  Ia rge  c l ina t ic  warn ing .  u ig ra t ion  o f  genet ic
s t r i rc tu res  f ron  south  fo  nor th  can ass is t  in  th is  resPect  bu t
nov ing  long d is lances  takes  t ine .  r t  a lso  br ings  genotypes  in to
a  new- t igh t - reg ine  wh ich  inp l ies  r i sks  o f  danage because I igh
inpu lses-  have an  inpor ta i r t  ro l9 . . .  in -  con t ro l ing ,  fo r  exarnp le ,
r f  i ' r t " t  harden ing  ( ros i< i  and Se lk i i inaho,  1982) .  Large  -zona l
sh i f t s  o f  nore  [han 500 k i lometers  inpose a  r i sk  o f  fo res t  danage
tha t  las ts  fo r  the  re la t i ve ly  long per iod  un t i l  new genet ic
s t ruc tu rcs  a re  es tab l  i  shed.
I t  tenpera ture  d id  inc rease by  as  nuch as  2  to  5  cent ig rade
as an  annu i l  average,  in  such a  shor t  per iod  o f  t lne  as  in  50  or
in  100 y€ars ,  borea l  and tenpera te  fo res ts  wou ld  poss ib ly  an ter  a
i ians i t ion  per iod  o f  per tu rba t ion  and fo res t  danage '  such a
per iod  u igh t  las t  nore  than 20  l ree  genera t ions  tha t  i s ,  nore
i t a n  1  0 6 0  y e a r s .  A f t e r  s u c h  a  t r a n s i t i o n  p e r i o d .  b o r e a l  f o r e s t s
DroDab lv  wou id  recover  and conta in  a  h igh ly  p roduc t ive  vageta t ion
l "  
' "o t i . t .d  
to  the  one there  is  in  those areas  today '  Research
s t rou f  a  ?ocus  on  the  d i f f i cu l t  p rob lem o f  what ,  in  fac t ,  wou ld
happen dur ing  the  t rans i t ion  per iod .
Fores t  po l i cy  i s  a  p rob lenat ic  a rea  o f  po l i cy  -?n? ly ! i !
because the '  p la in ing  ho i i zon  is  as  long long as  f ron  50 . to  150
" . . r " .  very  l i t t le  c in  be  done now to  in fLuence fo res ts  in  the
i " " .  2  OOO,  a l though there  are  nuch more  op t ions  to  in f luence
io res ts  in  the  year -  2  050.  ta rge  spat ia l  sca le  i s  another
cons t ra in t  o f  fo ies t  po l i cy .  A  very  anb i t ious  breed ing  progranne
wou ld  perhaps  be  ab le  to  p ioduce 200 n i t l ion  t ree  seed l ings  in  a
.year  i r i tn  
-an  
inproved i l ina t ic  resPonse.  rn  Nord ic  count r ies ,' io r  
exanp le ,  those seed l ings  cou ld  be  p lan ted  to  cover  sone
150 OOO 
-  
hec tares  o f  fo res t  land  every  year .  However ,  6uch a
ra ther  anb i t ious  breed ing  progranne tha t  has  no t  been rea l i zed  or
ieven p lanned anywhere  in  the  wor ld ,  wou ld  be  ab le  to  cover  on ly
0 . 0 2  p l r  c e n t  o f  l h e  b o r e a l  f o r e s t s  e v e r y  y e a r . -  B y  n e a n s  o f  s u c h
a breed ing '  p rogranne i t  wou ld  hence take  5  000 years  to  conver t
a l l  borea l  fo res ts  nore  to le ran t  to  a  war rDer  c l ina te .
I t  i s  hard ly  feas ib le  to  take  neasures  to  improve-  en t i re
vegeta t iona l  zo i res  to  to le ra te  a  c l ina t ic  warn ing .  conbat ing  a
s i in i f i can t  g reenhouse gas  warn ing  nus t  address  e i ther  en iss ion
co i t ro l  o r  
-soc ia l  
and econon ica l  adapta t ion  to  poss ib le  fo res t
damage.  A11 scenar ios  conta in  so  nany  uncer ta in t ies ,  however ,
tha t  !0a in  enphas is  shou ld  be  p laced to  suppor t ing  nen research '
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